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Abstract  
Feline upper respiratory tract aspergillosis (URTA) occurs as two distinct anatomic forms, sino-
nasal aspergillosis (SNA) and sino-orbital aspergillosis (SOA). An emerging pathogen, Aspergillus felis is 
frequently involved.  The pathogenesis of URTA, in particular, the relationship between the infecting 
isolate and outcome, is poorly understood. Computed tomography was used to investigate the route of 
fungal infection and extension in 16 cases (SNA n=7, SOA n=9) where the infecting isolate had been 
identified by molecular testing.  
All cases had nasal cavity involvement except one cat with SNA that had unilateral frontal sinus 
changes. A strong association between the infecting species and anatomic form was identified. A. 
fumigatus infections remained within the sino-nasal cavity. Cryptic species infections were associated 
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with orbital and paranasal soft-tissue involvement and with orbital lysis. These species were further 
associated with a mass in the nasal cavity, paranasal sinuses or nasopharynx. Orbital masses showed 
heterogeneous contrast enhancement, with central coalescing hypoattenuating foci and peripheral rim 
enhancement.  Severe, cavitated turbinate lysis, typical of canine SNA, was present only in cats with 
SNA.  
These findings support that the nasal cavity is the portal of entry for fungal spores in feline URTA 
and that the route of extension to involve the orbit is via direct naso-orbital communication from bone 
lysis. Additionally, a pathogenic role for A. wyomingensis and a sinolith in a cat with A. udagawae 
infection are reported for the first time. 
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Introduction 
Feline upper respiratory tract aspergillosis (URTA), first described in 1982, (Wilkinson et al., 
1982), is being increasingly reported (Barachetti et al., 2009; Barrs et al., 2012; Declercq et al., 2012; 
Furrow and Groman, 2009; Giordano et al., 2010; Kano et al., 2008; Kano et al., 2013; Karnik et al., 2009; 
Smith and Hoffman, 2010). Disease occurs over a wide geographic range, including Australia, the USA, 
the United Kingdom, mainland Europe, and Japan (Barrs et al., 2012; Barrs et al., 2013; Declercq et al., 
2012; Goodall et al., 1984; Kano et al., 2013; Smith and Hoffman, 2010; Tomsa et al., 2003). Two 
anatomic forms have been reported; sino-nasal aspergillosis (SNA) and sino-orbital aspergillosis (SOA) 
(Barrs et al., 2012). The environmental saprophytic fungi that cause these infections are most commonly 
from the Aspergillus fumigatus complex including A. fumigatus and A. felis, a closely related, recently 
discovered cryptic (A. fumigatus-mimetic) species (Barrs et al., 2012; Barrs et al., 2013; Kano et al., 2008; 
Kano et al., 2013; Whitney et al., 2013).   
 
SNA and SOA have dramatically different prognoses (Barrs and Talbot, 2014). The determinants 
of these alternate outcomes are poorly understood. It is suspected that the nasal cavity (NC) is the route 
of infection in all cases and that SOA is an extension of NC infection, but systematic imaging studies to 
support this have not been carried out (Barrs et al., 2012). In humans with aspergillosis, invasion is 
generally associated with impaired host immunity rather than the virulence of the infecting fungal 
species (Romani, 2011). Data from feline cases suggest an influence of fungal species on pathogenesis; 
A. fumigatus infections are frequently associated with non-invasive sinonasal cavity (SNC) infections, 
while a cryptic species, A. felis, causes invasive sino-orbital disease (Barrs et al., 2012; Barrs et al., 2013).   
 
Descriptions of computed tomography (CT) findings in cats with URTA are limited to case reports 
(Barachetti et al., 2009; Furrow and Groman, 2009; Giordano et al., 2010; Halenda and Reed, 1997; 
Hamilton et al., 2000; Kano et al., 2008; McLellan et al., 2006; Smith and Hoffman, 2010; Whitney et al., 
2005), and one case series of mycotic rhinitis that included five cats with URTA but did not distinguish 
between SNA and SOA or identify the aetiological agents (Karnik et al., 2009). The objectives of this 
study were to describe the CT features of URTA, to determine whether cats with SOA have concurrent 
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involvement of the SNC, and to determine if there was any association between CT features and the 
form of aspergillosis and/or infecting species.  
    
Materials and methods 
CT examinations of the head of cats with confirmed URTA from February 2007 to October 2012 
were identified retrospectively. Criteria for the diagnosis of URTA were identification of fungal hyphae 
on cytology or histology of tissue biopsies or sinonasal fungal plaques and molecular identification of the 
isolate using comparative sequence analyses of the internal transcribed spacer (ITS) regions (ITS1-5.8S-
ITS2), partial β-tubulin and/or partial calmodulin genes (Barrs et al., 2013). Signalment data were 
collected for review.  
 
CT examinations were included if thin bone and soft-tissue transverse images of the skull 
obtained perpendicular to the soft palate were available for review. CT examinations were performed at 
one of five centres (Table 11; Phillips Brilliance, 16 Slice, Phillips Medical Systems; Toshiba Aquilion, 16-
slice, Toshiba Medical Systems Corporation; Toshiba X vision, 1-slice helical, Toshiba Medical Systems 
Corporation; Siemens Somatom Duo, 2-slice helical scanner; Siemens Esprit plus, 1-slice helical scanner, 
Siemens AG, Medical Solutions). The field of view was adjusted to the individual skull dimensions and a 
512 x 512 matrix was used.  
 
CT scans were reviewed by a board certified radiologist (MM) blinded to isolate identity and 
clinical findings.  Where more than one examination had been performed, the first was reviewed. Non-
ionic iodinated contrast was administered at 660 mg/kg iodine IV (Omnipaque, GE Healthcare Ltd. 
Standard bone and soft-tissue window algorithms were used (Table 1).  Images were reviewed using 
standardized bone (window width, 4500 HU; window level, 1100 HU) and soft-tissue (window width, 
400 HU; window level, 40 HU) display settings. 
 
Cases were assigned to one of two groups, SNA or SOA - based on absence or presence of a 
retrobulbar mass. Criteria for CT evaluation, adapted from a previous study (Karnik et al., 2009), 
included amount and laterality of soft-tissue attenuation within the SNC; extension of lesions within the 
NC;  lysis and/or sclerosis of the bones forming the NC (turbinates, septum, nasal bone and adjacent 
maxilla) and paranasal bones (frontal bone, orbital bone (orbital lamina), palatine bone, zygomatic bone, 
tympanic bullae and cribriform plate); nasopharyngeal (NP) involvement, paranasal soft-tissue 
involvement and lymph-node involvement. Severity of NC lesions was graded as none, minimal 
(affecting less than one third), moderate (affecting two thirds) or severe (affecting more than two-
thirds). The NC was divided into rostral (rostral to teeth 104 and 204), middle (extending from teeth 104 
and 204 to 108 and 208) and caudal (caudal to teeth 108 and 208) regions. Lysis, soft-tissue attenuation 
and sclerosis of the paranasal bones were graded as none, minimal, moderate or severe. The pattern of 
contrast enhancement was described as none, normal mucosal enhancement, homogeneous, 
heterogeneous or peripheral. 
 
                                                 
1
 Tables and figures are presented at the end of this document. 
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Statistical analyses 
Frequency tables were prepared for all variables. Associations between the two anatomic forms 
of URTA and aetiological agent (A. fumigatus vs cryptic species), and between anatomic form and 
variables indicative of soft-tissue attenuation, lysis and reactive bone lesions in nasal and paranasal 
regions were evaluated using contingency tables and Fisher’s exact tests. Variables representing severity 
were collapsed into two categories–severe and non-severe–for statistical analyses because of limited 
number of observations in each class. A 5% level of significance was used and all P-values reported are 
two sided. Analyses were conducted using SAS software (2002–2003; SAS Institute). 
 
Results 
Sixteen cats met the inclusion criteria, including seven cats with SNA and nine cats with SOA. 
Post-contrast images were available in 13 cases (six SNA, seven SOA). One cat with SOA that had orbital 
exenteration before CT was excluded from statistical analyses of orbital CT features. Signalment data 
and molecular identity of fungal pathogens are presented (Table 2).  Isolates not reported previously 
were A. fumigatus (two SNA; Cases 2 and 5), A. felis (two SOA; Cases 11 and 13), A. udagawae (two SOA; 
Cases 14 and 15) and A. wyomingensis (one SOA; Case 16). One cat with A. fumigatus infection was co-
infected with Scedosporium aurantiacum (Case 5). Anatomic form was highly associated with infecting 
species; of cats with SNA five were infected with A. fumigatus and two with cryptic species, while all 
nine cats with SOA were infected with cryptic species (P=0.005) (Table 3). CT findings significantly 
associated with cryptic species infections included the presence of a mass in the NC, frontal sinus (FS), 
sphenoid sinus (SS) or NP; paranasal soft-tissue attenuation, orbital soft-tissue attenuation and orbital 
bone lysis (Table 3). 
 
CT findings including frequency and severity of soft-tissue attenuation and bone lysis in the NC, 
nasopharynx, paranasal sinuses and tympanic bullae are presented in Table 4. All cats had NC 
involvement including increased soft-tissue attenuation and turbinate lysis, except one cat with SNA 
that had unilateral FS changes only. Of three cases with cryptic infections and focal soft-tissue NC 
masses, there was homogeneous enhancement in the two cases given contrast medium. Severe 
turbinate lysis occurred only in cats with SNA (three A. fumigatus, one A. felis) (P=0.005; Fig. 1). FS 
involvement was unilateral in 12 of 13 cases and was ipsilateral to the affected orbit in five cats with 
SOA. FS changes were characterised by soft tissue opacification without enhancement consistent with 
fluid or poorly vascularised tissue in 11 cases. FS attenuation was more severe in cats with SOA 
(P=0.040, Table 4). One case of SNA and A. fumigatus infection had moderate thickening of the FS 
mucosa with homogenous contrast enhancement, while another with SOA had a soft-tissue attenuating 
mass within the FS (Fig. 2). No contrast study was available for the latter. SS soft-tissue attenuation was 
accompanied by ipsilateral (n=8) or bilateral (n=1) FS involvement. SS changes were consistent with fluid 
in seven cases and with a mass in two cats with SOA. One showed central heterogeneous contrast 
enhancement and homogeneous peripheral enhancement. The other was a calcified density of 1835 HU, 
consistent with a sinolith, in a cat with A. udagawae infection (Fig. 3).  
 
Of the 10 cats with increased soft-tissue attenuation of the nasopharynx  (Table 4), five had 
homogeneous contrast enhancement of NP mucosa only, most consistent with fluid. Five other cats with 
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cryptic infections (four SOA; one SNA, A. lentulus) had a NP mass, with heterogeneous and 
homogeneous enhancement, respectively in the two cats with SOA in which contrast was administered.   
 
Tympanic bullae changes were seen in two cases of SNA without NP involvement (Table 4). One 
showed minimal bullous effusion on the left side in the case with right FS involvement only. The other 
had bilateral NC involvement and a minimal soft-tissue attenuating mass in the bulla with homogenous 
contrast enhancement. Reactive bony changes of the nasal and paranasal bones are presented in Table 
5. Nasal bone sclerosis was always accompanied by sclerosis of the frontal or zygomatic bone. 
 
Paranasal bone lysis and soft-tissue abnormalities are described in Table 6. Cryptic species 
infections (n=11) were associated with orbital (P=0.002) or paranasal soft-tissue involvement (P=0.001) 
(Table 3). Orbital masses were characterised by heterogeneous contrast enhancement, with central 
coalescing hypoattenuating foci and peripheral rim enhancement (Fig. 6). Masses were located in the 
rostral and ventromedial aspect of the orbit causing dorsolateral displacement of the globe.  The largest 
mass displaced the zygomatic arch laterally. Orbital masses typically extended rostrally to the rostral 
aspect of the zygomatic arch and caudally to the rostral aspect of the ramus of the mandible, 
immediately rostral to the temporomandibular joint. In all cases of SOA lateral extension into the 
paranasal maxillary soft-tissues was identified, resulting in a distinct mass effect in eight cases. Orbital 
masses extended ventrally into pterygopalatine fossa of the oral cavity in six cases (Fig. 4). Soft-tissue 
attenuation adjacent an area of complete lysis of the nasal bone was present in one cat with SNA and A. 
felis infection. 
 
Orbital bone lysis was detected in both anatomic forms and was significantly associated with 
aetiological agent (Table 3 & 4). Orbital lysis was complete in four cases (two SNA, two SOA) and 
punctate in eight (two SNA, six SOA; Fig. 5). Of the four cats with frontal bone lysis two with SNA also 
had palatine bone lysis (Table 5). Frontal, palatine and zygomatic bone lysis was punctate in all cases 
except one cat with SOA and a focal area of severe complete palatine lysis. Severe mandibular lymph 
node enlargement was documented only in cases of SOA (P= 0.011). All enlarged lymph nodes enhanced 
homogeneously.  
 
Discussion 
This study of CT findings in feline sino-nasal and sino-orbital aspergillosis documented 
involvement of the SNC in all cases, regardless of the anatomic form. This supports the hypothesis that 
orbital involvement in feline SOA occurs subsequent to NC infection following inhalation of Aspergillus 
conidia, but evaluation of serial CTs over time would be required to definitively demonstrate extension 
of disease from the NC to the orbit. Upper respiratory tract signs can be absent at the time of diagnosis 
when exophthalmos is present (Barrs et al., 2012; Smith and Hoffman, 2010), but the extent of SNC 
involvement should be evaluated as this might inform therapeutic decisions. All cats with SOA had 
evidence of naso-orbital communication due to lysis of the orbital lamina, identifying direct extension as 
the likely route of orbital involvement. This is supported by findings on CT, surgery or at post-mortem in 
other cases, and by the fact that haematogenous spread has not been reported (Barachetti et al., 2009; 
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Barrs et al., 2012; Giordano et al., 2010; Hamilton et al., 2000; Wilkinson et al., 1982). Orbital extension 
directly from the frontal sinus has been documented in one case (Halenda and Reed, 1997).  
 
Interestingly, orbital bone lysis was common regardless of anatomical form. In dogs with SNA 
due to A. fumigatus, orbital lysis is common whereas SOA is rare (Saunders et al., 2002). Thus, risk 
factors additional to orbital lysis are clearly necessary for the establishment of mycotic orbital disease in 
cats. Previous studies have found that A. fumigatus infections were confined to the SNC, while cases of 
SOA were caused by cryptic species, particularly A. felis (Barrs et al., 2013; Barrs and Talbot, 2014; 
Declercq et al., 2012; Kano et al., 2008; Kano et al., 2013). Imaging findings presented here are 
consistent with this putative role for fungal species in disease outcome. Species-specific fungal virulence 
factors could be involved in the establishment of invasive orbital disease. SOA in cats is similar to chronic 
granulomatous fungal rhinosinusitis of immunocompetent humans, an uncommon disease, reported in 
Africa and Asia and caused by A. flavus, which has a propensity to colonise the nasal and paranasal 
sinuses in hot, dry climates (Thompson and Patterson, 2012).  Similar to humans and dogs with SNA, 
nasal and paranasal bone lysis in feline URTA is likely due to the host’s pro-inflammatory response and 
fungal virulence factors such as dermonecrolytic toxins (Peeters and Clercx, 2007; Thompson and 
Patterson, 2012). Fungal osteomyelitis has not been reported in feline URTA.  
 
In addition to SNC involvement, CT features common to both anatomic forms included unilateral 
involvement of paranasal sinuses, and paranasal bone lysis and/or sclerosis. Cribriform plate lysis, a 
relative contraindication for topical antifungal treatment in canine SNA (Day, 2009), was detected in 
25% of cases highlighting the importance of CT evaluation in treatment planning. Some CT features were 
associated with infecting species and/or anatomic form. Orbital masses, abnormal paranasal soft-tissue 
attenuation and a mass effect in the NC, FS, SS or NP were only associated with cryptic species while 
severe “cavitated” lysis was only present in cats with SNA including three with A. fumigatus infection. In 
dogs A. fumigatus is the aetiological agent of SNA in 98% of cases (Talbot et al., 2014) and characteristic 
CT features include cavitated turbinate lysis, a rim of soft-tissue of variable thickness along bones in the 
FS, maxillary recess and nasal passages, abnormal presence of soft-tissue accumulation and reactive 
bony-change (Saunders et al., 2004; Saunders and Van Bree, 2003; Saunders et al., 2002). The finding of 
isolated FS involvement in one cat has been reported in canine SNA (Johnson et al., 2006). 
 
Post-contrast features of orbital masses are similar to those reported in SOA in people and in 
mycotic rhinosinusitis due to non-Aspergillus spp, including cryptococcosis, in cats, (Karnik et al., 2009; 
Pushker et al., 2011; Sivak-Callcott et al., 2004). Central hypoattenuating foci have been interpreted as 
areas of necrosis and peripheral enhancement as inflammatory response (Almutairi et al., 2009; DeLone 
et al., 1999). A similar pattern of enhancement can be seen with neoplasia in humans, where peripheral 
enhancement has been interpreted as well-perfused, viable tumour tissue (Nino-Murcia et al., 2000). 
Whether post-contrast features will aid in differentiating SOA from neoplasia in cats requires 
characterisation of the latter. 
 
Previous retrospective analysis of CT findings in feline sinonasal disease included few cases of 
mycotic rhinosinusitis (0—5%) (Schoenborn et al., 2003; Tromblee et al., 2006). CT features associated 
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with sinonasal neoplasia included lysis of the paranasal bones especially bilateral orbital bone lysis, 
moderate to severe turbinate destruction,  lysis of the nasal septum, homogeneous mass within the 
sinonasal cavity, unilateral abnormal soft-tissue or fluid within the frontal or sphenoid sinuses and 
extension of the disease process into the orbit or paranasal facial soft-tissues (Schoenborn et al., 2003; 
Tromblee et al., 2006), were all features of aspergillosis in the current study.  
 
Tympanic bulla changes were rare and likely incidental. In contrast, 28% of cats with sinonasal 
neoplasia or inflammatory disease were reported previously to have bulla effusion secondary to 
auditory tube obstruction or ascending infection. However, only one of the 46 cats in that study had a 
fungal aetiology (Detweiler et al., 2006). 
 
Here we report sinolithiasis for the first time in feline URTA. Rhinolithiasis was reported in one 
cat previously with SNA (Tomsa et al., 2003). Sinoliths, described in 50-75% of humans with maxillary 
sinus fungal mycetomas, are deposits of calcium-containing fungal metabolites in necrotic areas of 
mycelial plaques. Predisposing factors include chronic inflammation, impaired sinus drainage and the 
presence of a nidus of material of endogenous or exogenous origin e.g. endodontic filling materials, 
around which calcification occurs (Lenglinger et al., 1996).  
 
Molecular identification revealed two new isolates of A. udagawae from Australia and the USA. 
These, in addition to two previous isolates reported in Japan establish A. udagawae as the second most 
common cause of feline SOA (Kano et al., 2008; Kano et al., 2013). A. udagawae is the most common 
cryptic species to cause invasive pulmonary aspergillosis in humans (Vinh et al., 2009). A. wyomingensis, 
reported here for the first time as a cause of feline SOA and as a host pathogen, is a recently described 
soil saprophyte related to A. felis and to A. udagawae (Novakova et al., 2013).  Accurate species 
identification is important, since cryptic species are more resistant to antifungal drugs than A. fumigatus 
(Barrs et al., 2013).  Previous studies of feline URTA have identified that breeds of cats with 
brachycephalic conformation are over-represented (Barrs et al., 2012; Tomsa et al., 2003; Whitney et al., 
2005). These have included Himalayans, Persians, Exotic shorthairs, American shorthairs and Ragdoll 
cats. Here we additionally report disease in British and Scottish shorthair cats. Prospective studies are 
required to determine whether the increased risk of URTA in these breeds of cats is genetic due to 
common ancestry, or if it is associated with SNC conformation combined with other factors such as viral 
upper respiratory tract infection (Barrs and Talbot, 2014). 
 
The limitations of this study included the small sample size and its retrospective design, which 
precluded standardisation of CT conditions for each examination. 
 
Conclusion 
 Common CT features of both anatomic forms of  feline upper respiratory tract aspergillosis 
include asymmetric, bilateral sino-nasal cavity involvement, moderate to severe soft-tissue attenuation 
of the nasal cavity, sphenoid sinus and frontal sinus, moderate to severe turbinate lysis, and orbital bone 
lysis. A strong association was identified between the infecting fungal species and the anatomic form of 
disease. Cryptic species were significantly associated with sino-orbital aspergillosis, with the presence of 
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a mass in the nasal cavity, sinuses or nasopharynx, with paranasal soft-tissue attenuation, and with 
orbital bone lysis. 
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Table 1 
Factors used for acquisition of computed tomographic images 
Centre a No. of 
cases 
Reconstructed slice 
thickness bone tissue 
algorithm (mm) 
Reconstructed slice 
thickness soft tissue 
algorithm (mm) 
Beam collimation 
(No. of data 
channels) 
Detector row 
width 
(mm) 
Tube 
potential 
(kV) 
Tube 
Current 
(mA) 
Pitch 
Factor 
VCCC 8 1 3 16 0.75 120 200 0.4 
RPAH 2 0.75 3 16 0.75 120 200 0.4 
UMVCH 3 2 2 1 0.75 120 100 1 
MUVH 2 2 2 2 0.75 130 120 1 
VSEC 1 1 1 1 1 130 60 1 
 
a VCCC, Valentine Charlton Cat Centre, Sydney, Australia; RPAH, Royal Prince Alfred Hospital, Sydney, Australia; UMVTH, University of Melbourne Veterinary 
Clinic and Hospital, Melbourne, Australia; MUVH, Murdoch Veterinary Hospital, Perth, Australia; VSEC, Veterinary Specialist and Emergency Centre, 
Levittown, Philadelphia, USA.
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Table 2  
Signalment, aetiological agent and anatomic form of aspergillosis 
 
Case Age 
(years) 
Sex a Breed a Form a Species Genbank accession nos. 
ITSa benAa CalMa 
1* 6.8 F Ragdoll SNA A. fumigatus - - - 
2 8 F SSH SNA A. fumigatus - - - 
3* 11 F Persian SNA A. fumigatus - - JX021722 
4* 7.4 M Persian SNA A. fumigatus - - - 
5 2.8 F DSH SNA A. fumigatus/ 
Scedosporium aurantiacum 
- - - 
6* 14.8 F DLH SNA A. lentulus 
 
- - JX021720 
7* 13 M DLH SNA A. felis JX021681 JX021704 JX021724 
8* 5 F CR SOA A. felis JX021675 JX021694 JX021717 
9* 2 M HIM SOA A. felis JX021682 JX021705 JX021725 
10* 2 F DSH SOA A. felis JX021683 JX021706 JX021726 
11 2.3 F DSH SOA A. felis - - - 
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12* 3.6 M DSH SOA A. felis KF558318 JX021700 JX021715 
13 2.8 M BSH SOA A. felis KF703495 KF703496 - 
14 4.1 M Persian SOA A. udagawae - KF073497 KF703498 
15 4.7 M DSH SOA A. udagawae - KF703499 - 
16 1.5 M BSH SOA A. wyomingensis JX021685 JX021709 - 
 
a F, female (neutered); M, male (neutered); SSH, Scottish Shorthair; DSH, Domestic Shorthair; DLH, Domestic Longhair; CR, Cornish Rex; HIM, Himalayan; 
BSH, British Shorthair; SNA, sino-nasal aspergillosis; SOA, sino-orbital aspergillosis; ITS, internal transcribed spacer; benA, betatubulin; CalM, calmodulin 
* Signalment and molecular identification reported previously (Barrs et al., 2012a; Barrs et al., 2013) 
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Table 3 
Associations between aetiologic agent and anatomic form or computed tomographic 
features in cats with URTA 
 
 Categories A. fumigatus 
Frequency (%) 
Cryptic species 
Frequency (%) 
P-value 
Anatomic form 
 
SNAa 
SOAa 
5 (71) 
0 (0) 
2 (29) 
9 (100) 
0.005 
NC, FS, SS or NP massb 
 
Yes 
No 
0 (0) 
5 (63) 
8 (100) 
3 (37) 
0.026 
Paranasal soft-tissue 
involvement 
Yes 
No 
0 (0) 
5 (83) 
10 (100) 
1 (17) 
0.001 
Orbital soft-tissue 
involvement 
Yes 
No 
0 (0) 
5 (83) 
9 (100) 
1 (17) 
0.002 
Orbital bone lysis Yes 
No 
2 (17) 
3 (100) 
10 (83) 
0 (0) 
0.022 
a SNA, sino-nasal aspergillosis; SOA, sino-orbital aspergillosis 
b NC, nasal cavity; FS, frontal sinus; SS, sphenoid sinus; NP, nasopharyngeal 
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Table 4 
Soft-tissue attenuation and bone lysis in the nasal cavity, nasopharynx, paranasal sinuses 
and tympanic bullae on computed tomography in 16 cats with upper respiratory tract 
aspergillosis 
 
 Categories SNA 
Frequ
ency 
(%) 
SOA 
Frequ
ency 
(%) 
Tot
al 
P-
valu
ea 
Type of sinonasal 
disease 
 
 
Bilateral 
Unilateral 
5 (38) 
2 (67) 
8 (62) 
1 (33) 
13 
3 
0.55 
Type of bilateral 
involvement 
 
 
Asymmetri
cal 
Symmetric
al 
4 (36) 
1 (50) 
7 (64) 
1 (50) 
11 
2 
1.0 
Nasal region involved 
 
 
 
Rostral to 
caudal 
Middle 
Middle to 
caudal 
Caudal 
 
4 (44) 
1 (33) 
1 (33) 
1 
(100) 
5 (56) 
2 (67) 
2 (67) 
0 (0) 
9 
3 
3 
1 
1 
Nasal cavity soft 
tissue attenuation 
 
 
 
 
None 
Minimal 
Moderate 
Severe 
1 
(100) 
1 (33) 
3 (60) 
2 (29) 
0 (0) 
2 (67) 
2 (40) 
5 (71) 
1 
3 
5 
7 
0.16
2 
Turbinate lysis 
 
 
 
 
None 
Minimal 
Moderate 
Severe 
1 
(100) 
2 (33) 
0 (0) 
4 
(100) 
0 (0) 
4 (67) 
5 
(100) 
0 (0) 
1 
6 
5 
4 
0.00
5 
Nasal septum lysis 
 
 
Minimal 
Moderate 
1 (50) 
1 
(100) 
1 (50) 
0 (0) 
2 
1 
0.55 
Cribriform plate lysis 
 
 
Minimal 
Moderate 
1 (33) 
1 
(100) 
2 (67) 
0 (0) 
3 
1 
0.21
3 
Nasal bone or 
adjacent maxilla lysis 
 
None 
Minimal 
Moderate 
3 (33) 
2 (40) 
2 
6 (67) 
3 (60) 
0 (0) 
9 
5 
2 
0.61
5 
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 (100) 
Frontal sinus soft-
tissue attenuation 
 
 
 
 
None 
Minimal 
Moderate 
Severe 
1 (33) 
1 
(100) 
4 (80) 
1 (14) 
2 (67) 
0 (0) 
1 (20) 
6 (86) 
3 
1 
5 
7 
0.04
0 
Sphenoid sinus soft-
tissue attenuation 
 
 
 
None 
Minimal 
Moderate 
Severe 
4 (57) 
0 (0) 
1 
(100) 
2 (29) 
3 (43) 
1 
(100) 
0 (0) 
5 (71) 
7 
1 
1 
7 
0.78
9 
Nasopharyngeal soft-
tissue attenuation 
 
 
None 
Minimal 
Severe 
5 (83) 
0 (0) 
2 (29) 
1 (17) 
3 
(100) 
5 (71) 
6 
3 
7 
0.15
3 
Nasopharyngeal mass 
 
 
No 
Yes 
6 (55) 
1 (20) 
5 (45) 
4 (80) 
11 
5 
0.58
5 
Tympanic bulla 
involvement 
No 
Yes 
5 (36) 
2 
(100) 
9 (64) 
0 (0) 
14 
2 
0.17
5 
 
a Variables representing severity were collapsed into two categories–severe and non-
severe–for statistical analyses because of limited number of observations in each class 
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Table 5 
Reactive bone lesions of the nasal and paranasal bones on computed tomography in 16 cats 
with upper respiratory tract aspergillosis 
 
 Categories SNA 
Frequency 
 (Row 
percents) 
SOA 
Frequency 
(Row 
percents) 
Total P-valuea 
Nasal bone sclerosis 
 
 
 
None 
Minimal 
Moderate 
2 (22) 
3 (60) 
2 (100) 
7 (77) 
2 (40) 
0 (0) 
9 
5 
2 
0.126 
Frontal bone sclerosis 
 
 
 
 
None 
Minimal 
Moderate 
Severe 
2 (29) 
0 (0) 
3 (60) 
2 (67) 
5 (71) 
1 (100) 
2 (40) 
1 (33) 
7 
1 
5 
3 
0.541 
Zygomatic bone sclerosis 
 
 
None 
Moderate 
7 (50) 
0 (0) 
7 (50) 
2 (100) 
14 
2 
0.475 
Cribriform plate sclerosis None 
Moderate 
6 (40) 
1 (100) 
9 (60) 
0 (0) 
15 
1 
0.438 
 
a Variables representing severity were collapsed into two categories–severe and non-
severe–for statistical analyses because of limited number of observations in each class
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Table 6 
Paranasal bone lysis and paranasal soft-tissue abnormalities in 16 cats with upper 
respiratory tract aspergillosis 
 
 Categories SNA 
Frequency 
(%) 
SOA 
Frequency 
(%) 
Total P-valuea 
Unilateral orbital soft-
tissue attenuation 
 
None 
Severe 
7 (100) 
0 (0) 
0 (0) 
8 (100) 
7 
8 
0.0002 
Paranasal soft-tissue 
attenuation (facial) 
 
 
 
None 
Mild 
Moderate 
Severe 
6 (100) 
0 (0) 
1 (100) 
0 (0) 
0 (0) 
1 (100) 
0 (0) 
8 (100) 
6 
1 
1 
8 
0.003 
Paranasal soft-tissue 
(facial) mass 
 
No 
Yes 
7 (88) 
0 (0) 
1 (12) 
8 (100) 
8 
8 
0.001 
Pterygopalatine fossa 
mass 
 
 
No 
Yes 
7 (70) 
0 (0) 
3 (30) 
6 (100) 
10 
6 
0.011 
Orbital bone lysis No 
Yes 
 
3 (100) 
4 (33) 
0 (0) 
8 (67) 
3 
12 
0.077 
Orbital bone lysis 
 
 
 
 
None 
Minimal 
Moderate 
Severe 
3 (100) 
0 (0) 
3 (43) 
1 (25) 
0 (0) 
1 (100) 
4 (57) 
3 (75) 
3 
1 
7 
4 
0.231 
Type of orbital bone lysis 
 
 
Unilateral 
Bilateral 
0 (0) 
4 (67) 
6 (100) 
2 (33) 
6 
6 
0.061 
Frontal bone lysis 
 
 
 
None 
Minimal 
Moderate 
4 (33) 
2 (100) 
1 (50) 
8 (67) 
0 (0) 
1 (50) 
12 
2 
2 
1 
Palatine bone lysis 
 
 
 
 
None 
Minimal 
Moderate 
Severe 
4 (33) 
2 (100) 
0 (0) 
1 (100) 
8 (67) 
0 (0) 
1 (100) 
0 (0) 
12 
2 
1 
1 
0.262 
Zygomatic bone lysis None 7 (54) 6 (46) 13 0.213 
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Minimal 
Moderate 
0 (0) 
0 (0) 
2 (100) 
1 (100) 
2 
1 
Mandibular lymph node 
enlargement 
 
 
 
Not scanned 
Minimal 
Moderate 
Severe 
0 (0) 
4 (100) 
3 (50) 
0 (0) 
1 (100) 
0 (0) 
3 (50) 
5 (100) 
1 
4 
6 
5 
0.011 
Retropharyngeal lymph 
node enlargement 
Not scanned 
None 
Minimal 
Moderate 
Severe 
1 (33) 
3 (100) 
2 (50) 
0 (0) 
1 (33) 
2 (67) 
0 (0) 
2 (50) 
3 (100) 
2 (67) 
3 
3 
4 
3 
3 
0.135 
 
a Variables representing severity were collapsed into two categories–severe and non-
severe–for statistical analyses because of limited number of observations in each class
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Figures 
 
Fig. 1. Transverse skull CT images (bone algorithm) of two cats with SNA due to A. fumigatus 
infection showing severe “cavitated” turbinate lysis bilaterally (arrows) (a) and in the left 
nasal cavity (b). 
 
 
 
 
 
Fig. 2. Transverse skull CT images (bone algorithm) showing right frontal sinus mucosal 
thickening in a cat with SNA and A. fumigatus infection (arrow) (a) and a soft-tissue 
attenuating mass in the left frontal sinus of a cat with SOA (left orbital mass) due to A. felis 
infection (arrow) (b). 
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Fig. 3. Dorsal (a) and transverse (b) skull CT images (bone algorithm) showing a calcified 
density (1835 HU) in the sphenoid sinus of a cat with SOA and A. udagawae infection (white 
arrows). Note the soft-tissue attenuating material in the nasal cavity (a) and frontal sinuses 
(b) bilaterally (asterisks), and left orbital lysis (black arrow) (a). 
 
 
 
 
 
Fig. 4. Transverse post-contrast soft-tissue images of the head reconstructed using a soft-
tissue algorithm showing left orbital masses in two cats with SOA and A. felis infection. There 
is heterogeneous contrast enhancement, with central coalescing hypoattenuating foci and 
peripheral rim enhancement. There is compression (a) and dorsal displacement of the globe 
(a and b, black arrow), and extension into the oral cavity (a, white arrow), nasopharynx (b, 
white arrow) and adjacent paranasal maxillary soft-tissues (a and b, black asterisk). 
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Fig.5.  Reconstructed dorsal (a) and transverse (b) skull CTs showing regions of severe 
complete bilateral orbital lysis (arrow) in a cat with SNA due to A. felis (a) and bilateral 
moderate punctate lysis (arrows) in a cat with SNA due to A. udagawae (b). 
 
 
 
 
